adequacy of the control group. The exclusion of controls with peptic ulcer or non-ulcer dyspepsia would be likely to reduce the prevalence of H. pylori infection in the control group and, hence, bias the esimated odds ratio upwards.)
The studies are summarized in Table 6 .
Other cancers
No case-control studies of cancers other than gastric cancer have been reported, although the study of Talley et aL. (1991a) (see above) compared patients with lung, oesophageal and large bowel cancers.
Intervention studies
Wotherspoon et al. (1993) gave H. pylori eradication therapy to six patients (three men, aged 37, 76 and 42, and three women, aged 75,60 and 57) with histological and molecular genetic evidence of primary gastric low-grade B-cell mucosa-associated lymphoid tissue lymphoma with concomitant H. pylori infection. H. pylori was eradicated in ail six patients, and repeated biopsies, 4-10 months after eradication, in five patients showed no evidence of Iymphoma. Stolte et al. (1994a) treated 16 patients with low-grade mucosa-associated lymphoid tissue Iymphomas, H. pylori infection and gastritis with H. pylori eradication therapy. The patients were followed up with repeated endoscopic biopsies 3-12 months after treatment; 12 patients showed regression of the lymphoma. ln six of the 12, sparse residuallymphoma tissue was found.
The gastric Iymphomas that respond to H. pylori eradication therapy, the well-differentiated mucosa-assocated lymphoid tissue Iymphomas, were previously called 'pseudoIymphomas'. They are known to remain localized for many years before invading other tissues.
Studies of Cancer in Experimental animais

Infection with Helicobacter pylori alone
No data were available to the Working Group. one; a second group of 30 rats was given MNNG plus oral intubations of 0.2 ml brucella broth three times a week for the 40 weeks; the third group of 30 rats received MNNG and brucella broth containing 106-108 colony-forming units/ml of culture of fresh isolates of H. pylori three times a week for 40 weeks, since permanent Mouse: ln a study reported as an abstract (Enno et al., 1994) ,260 specific pathogen-free BALB/c mice were infected with H. felis. Groups of 20 mice were killed at 2-3-month intervals up to 26 months. Up to 18 months after infection, minimal gastritis was observed; however, at 22-26 months after infection, 51/80 H. felis-infected animais and 4/48 uninfected controls had large lymphoid aggregates in the cardia. Lymphoepithelial lesions that were not seen in control animais and which, according to the authors, are similar to those observed in association with human gastric low-grade B-ceIl Iymphomas, were observed in 27/80 infected animais.
Infection with other Helicobacter species in combination with administration of known carcinogens
Ferret: A group of ni ne female ferrets (Mustela putorius Jura), four to five months of age, ovariohysterectomized and naturaIly infected with H. mustelae, received single oral doses of 50 mg/kg bw MNNG in 3 ml of olive oil. One additional four-month-old ferret received 100 mg/kg bw MNNG, and five controls animais received olive oil only. Mucosal punch biopsies were obtained by endoscopy from the same region of the stomach at 6-12-month intervals; no adenocarcinoma was seen in the limited samples taken. Seven of the ni ne ferrets dosed with 50 mg/kg bw MNNG were killed between 51 and 55 months after treatment; one other ferret died, and one was killed at 25 months. At necropsy, two ferrets had pyloric ulcers and two had obvious nodules on the mucosal surface of the pylorus. The single ferret that received 100 mg/kg bw and was kiled at 29 months had clinical gastrointestinal disease. It had a grossly thickened pyloric area with al-cm ulcer at the pyloric-duodenal junction.
Histopathological examination of aIl the stomachs revealed that aIl ferrets, control and treated, had marked chronic gastritis with the major characteristics of multifocal atrophic gastritis. One or more foci of neoplasia were seen in 9 of the 10 MNNG-treated ferrets. Two had well-defined invasive adenocarcinomas, and four had multiple independent primary adenocarcinomas. The neoplasms were concentrated in the pyloric antrum at the transition zone between the corpus and antral mucosa. Metastasis to regional lymph nodes was observed in one animaL. The five control animaIs were killed 47-67 months after dosing wIth olive oil; two that were killed had chronic renal failure, while the other three were asymptomatic when they were kiled. No gross lesion was seen in the stomachs of the control ferrets; the only histopathological change observed was mild to moderate gastritis in the IARC MONOGRAHS VOLUME 61
antrum with small foci of gland loss. Adenocarcinomas were not observed in the stomachs of hundreds of untreated laboratory ferrets examined at routine necropsy (Fox et al., 1993a) .
(The Working Group noted that the study did not include a group uninfected with H. mustelae but given MNNG.)
Other Data Relevant for Evaluation of Carcinogenicity and its Mechanisms
Pathology of infection
Cross-sectional and longitudinal observations in human populations indicate that a series of alterations of the gastric mucosa pre~ede gastric carcinoma (Siurala et aI., 1985; Correa et aI., 1990b; Kuipers et aL., 1994a) : They follow a sequential presentation of chronic nonatrophic gastritis, atrophic gastritis, intestinal metaplasia and dysplasia. Atrophy (Joss of gastric glands) is a pivotai change in the precancerous process. It radically alters the gastric microenvironment by reducing acid secretion, elevating the gastric luminal pH and resulting in an overgrowth of anaerobic bacteria. Many such bacteria produce reductases which act on nitrate molecules (from food and other sources) and result in elevated concentrations of N02 -in the gastric lumen. Dietary factors that are important in the progression of the precancerous process include high salt (NaCI) intake and low consumption of fresh fruits and vegetables (Nomura et aL., 1982; Fontham et aL., 1986; Buiatti et al., 1989b Buiatti et al., , 1990 Chen et al., 1990; Forman, 1991) .
Humans
The anatomIcal substratum resulting from H. pylori infection is chronic gastritis.
A1though the association between the bacterium and gastritis was recognized only in 1983 (Warren, 1983; Marshall, 1983) , the pathological manifestations of chronic gastritis and several nosological entities of gastritis had been described previously. They may sometimes penetrate the intercellular spaces and, rarely, the ductules of the parietal cells (Chen et al., 1986; Fiocca et al., 1987; Hessey et al., 1990 ).
H. pylori infection is associated with degenerative changes in the cyoplasm of the surface epithelial cells, identified on haematoxylin-eosin staining as loss of the superficial portion of the cyoplasm, resulting in microerosions of the surface epithelium (Chan et al., 1991) . Under the electron microscope, partial loss and stunting of the microvilli and numerous intracellular phagolysosomes may be seen (Chen et al., 1986; Fiocca et al., 1987; Hessey et al., 1990 ).
H. pylori infection results in infiltration of leukocyes into the gastrIc mucosa. The most abundant are B lymphocyes, which occupy the lamina propria and may lead to formation of
